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(57) ABSTRACT

The present invention relates to gas phase phosgenation of
amines for preparation of isocyanates. In the present inven-
tion, phosgene is prepared by reacting chlorine with an excess
of carbon monoxide in a gas phase. The obtained phosgene-
containing reaction mixture is divided into two streams by a
thermal and/or a membrane separating process. The first
stream is a low-carbon monoxide stream of no more than 1%
by weight of carbon monoxide, based on a total weight of the
first stream. The second stream is a carbon monoxide-rich
stream of more than 10% by weight of carbon monoxide,
based on a total weight of the second stream. The first stream
is used as the phosgene-containing reactant stream in the gas
phase phosgenation of amines to prepare isocyanates. The
second stream can be recycled into the phosgene synthesis.

7 Claims, No Drawings
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PROCESS FOR PREPARING ISOCYANATES

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. patent applica-
tion Ser. No. 13/434,135 filed on Mar 29, 2012, the entire
content of which is incorporated herein by reference, and
which claims priority to U.S. Provisional Application Ser.
No. 61/469,825, filed Mar. 31, 2011.

This patent application claims the benefit of pending U.S.
provisional patent application Ser. No. 61/469,825 filed on
Mar. 31, 2011 incorporated in its entirety herein by reference.

The invention relates to a process for preparing isocyanates
by reacting the corresponding amines with phosgene, option-
ally in the presence of an inert medium, in the gas phase, and
to a use of the hydrogen chloride coproduct of the gas phase
phosgenation.

Gas phase phosgenation for preparation of isocyanates has
the advantages over liquid phase phosgenation that a higher
selectivity, a lower holdup of toxic phosgene, a reduced
energy and lower capital costs are required.

In gas phase phosgenation, an amine-containing reactant
stream is mixed with a phosgene-containing reactant stream,
each in the gaseous state, and the corresponding diisocyan-
ates are formed with release of hydrogen chloride. The reac-
tants have to be vaporized beforchand and superheated at
temperatures above 300° C. This vaporization/superheating
is effected essentially indirectly by means of electrical heat-
ing, by means of combustion gases or by means of high-
pressure steam. There may possibly also be a secondary heat
carrier medium as an intermediate measure. The provision of
the energy, especially for vaporization, is very costly.

The phosgene used in the phosgenation of the amines to
prepare isocyanates is generally synthesized immediately
upstream of the phosgenation. This involves reacting carbon
monoxide with chlorine with release of heat (reaction
enthalpy 110 kJ/mol), which has to be removed since full
conversion is no longer possible above 100° C. owing to the
position of the reaction equilibrium, to give phosgene.

In the gas phase reaction for synthesis of phosgene, carbon
monoxide is generally used in excess in order to prevent
breakthrough of the chlorine, i.e. in order to obtain substan-
tially chlorine-free phosgene.

The phosgenation of amines to give isocyanates gives rise
to a hydrogen chloride-containing offgas as a coproduct,
which is generally sent to a further use, though residues of
carbon monoxide still present therein can have adverse
effects.

Therefore, DE-A1 10 2006 024 549 proposes a coupled
process for synthesis of organic isocyanates, which com-
prises the preparation of phosgene by reaction of carbon
monoxide with chlorine, the reaction of the phosgene with
organic amines to form the corresponding isocyanates and the
removal of the organic isocyanates, and wherein the carbon
monoxide is removed from the hydrogen chloride-containing
offgas of the isocyanate synthesis by reaction with chlorine to
form phosgene. The phosgene is removed and can optionally
be recycled into an isocyanate synthesis. The hydrogen chlo-
ride-containing, carbon monoxide-depleted gas is preferably
subjected to a hydrogen chloride oxidation (Deacon process).
The process thus enables removal of carbon monoxide from
the hydrogen chloride-containing offgases of the isocyanate
synthesis, in order thus to remedy disadvantages caused,
especially in a downstream Deacon process, and at the same
time to supply the carbon monoxide to a use with maximum
economic viability.
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The document points out that, in gas phase phosgenation,
carbon monoxide contents up to 5% can be attained, because
there is generally no condensation of the phosgene and hence
no removal of the unreacted carbon monoxide before the
phosgenation in such processes.

In contrast, however, it has been found that the carbon
monoxide present in the phosgene-containing feed stream,
when the latter comes directly from the synthesis of carbon
monoxide and chlorine, which has to be run with a stoichio-
metric carbon monoxide excess, leads to problems in the gas
phase phosgenation: at temperatures above 300° C., the Bou-
douard equilibrium in which carbon monoxide dispropor-
tionates to carbon and carbon dioxide is almost completely to
the side of CO,. The carbon formed leads to apparatus fouling
and can additionally catalyze the decomposition of phosgene
to chlorine and carbon monoxide, which in turn decomposes
according to the Boudouard equilibrium to form further car-
bon, which in turn catalyzes the decomposition of further
phosgene.

It was therefore an object of the invention to provide a
process for preparing isocyanates by phosgenating the corre-
sponding amines in the gas phase, which does not have the
above disadvantages.

The object is achieved by a process for preparing isocyan-
ates by phosgenating the corresponding amines in the gas
phase, which comprises

dividing a phosgene-containing reaction mixture from the

gas phase synthesis of carbon monoxide and chlorine to
phosgene, which is run with a stoichiometric carbon
monoxide excess over chlorine,

by means of a thermal separating process and/or of a mem-

brane separating process into two streams, specifically
into a first, low-carbon monoxide stream comprising not
more than 1% by weight of carbon monoxide, based on
the total weight of the first, low-carbon monoxide
stream, and into

a second, carbon monoxide-rich stream comprising more

than 10% by weight of carbon monoxide, based on the
total weight of the second, carbon monoxide-rich
stream, and

using the first, low-carbon monoxide stream as a reactant

stream in the phosgenation of amines to isocyanates in
the gas phase.

It has been found that the front end removal of the carbon
monoxide from the phosgene-containing reaction mixture of
the synthesis of carbon monoxide and chlorine before the
phosgenation of the amines to give the corresponding isocy-
anates is a particularly advantageous separation step because
it is very selective.

According to the invention, by means of a thermal separat-
ing process or of a membrane separating process from the
phosgene-containing reaction mixture of the gas phase syn-
thesis of carbon monoxide and chlorine to give phosgene, a
first, low-carbon monoxide stream is removed, which com-
prises not more than 1% by weight of carbon monoxide,
based on the total weight of the first, low-carbon monoxide
stream.

Preferably, in the front end removal, the carbon monoxide
content is lowered to not more than 1% by weight of carbon
monoxide, based on the total weight of the first, low-carbon
monoxide stream.

The gas phase synthesis of carbon monoxide and chlorine
to give phosgene is preferably performed with a stoichiomet-
ric excess of carbon monoxide to chlorine of 0.01 to 25%.

Advantageously, a one-stage thermal separating process
can be used.
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Additionally preferably, a two-stage thermal separating
process can be used.

In a further preferred embodiment, a multistage thermal
separating process can be used.

The one-, two- or multistage separating process can be
selected from simple separation by partial condensation, a
distillation, an adsorption and an absorption.

The thermal separating process can be coupled to a mem-
brane separating process. In a further embodiment, the phos-
gene-containing reaction mixture from the gas phase synthe-
sis of carbon monoxide and chlorine to give phosgene is
separated by means of a membrane separating process.

Advantageously, the first, low-carbon monoxide stream is
obtained in liquid form and then vaporized, and then used in
a gas phase phosgenation of amines.

This process regime gives rise to further advantages:

Liquid phosgene can be brought to a higher pressure level
in a simple manner by means of a pump. For instance, the
phosgene-containing stream can be provided without a direct
coupling of the pressure levels of the phosgene synthesis and
the gas phase phosgenation process for the gas phase phos-
genation. Thus, it is possible in principle to operate the phos-
gene vaporization, the phosgene superheating or the gas
phase phosgenation at a higher pressure per se than the phos-
gene synthesis.

Particularly advantageously, the phosgene-containing,
low-carbon monoxide stream can be vaporized using the heat
of reaction from the gas phase synthesis of carbon monoxide
and chlorine. The phosgene synthesis supplies a sufficient
amount of energy that the phosgene can optionally also be
superheated after the vaporization. However, it is also pos-
sible in principle to provide any lacking energy for vaporiza-
tion or superheating by electrical heating or steam heating.

The coupling of the phosgene synthesis and of the vapor-
ization of the condensed phosgene for heating purposes may
be direct, by passing the phosgene to be vaporized through the
exterior of the phosgene reactor. This process regime has
safety advantages over cooling of the phosgene reactor with
the heat carrier, water, since no water can get into the phos-
gene reactor in the case of a leak. For the coupling of the
phosgene synthesis and of the phosgene vaporization for
heating purpose, it is also possible to use a secondary heat
carrier, for example a heat carrier oil.

However, it is also possible, as described in U.S. Pat. No.
7,442,935, to use the waste heat of the phosgene synthesis
firstto raise steam and then to use the latter for vaporization of
the phosgene.

Preferably, the first, low-carbon monoxide stream obtained
by a one-, two- or multistage thermal separating process
and/or a membrane separating process is vaporized to a pres-
sure level at least 10 mbar lower compared to the one-, two- or
multistage separating process and/or membrane separating
process for separation of the phosgene-containing reaction
mixture from the gas phase synthesis of carbon monoxide and
chlorine.

When the phosgene is condensed at a higher pressure level
compared to the pressure level at which the condensed phos-
gene is then decompressed, direct heat coupling is possible,
which means that the heat of condensation is sufficient for
revaporization of the phosgene, and hence optimal exploita-
tion is possible. Additional energy needed for vaporization
can, however, also be effected by known industrial energy
provision.

Advantageously, the second, carbon monoxide-rich stream
comprising more than 10% by weight of carbon monoxide,
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based on the total weight of the second, carbon monoxide-
rich stream, can be recycled into the phosgene synthesis.

In a preferred embodiment, the thermal separating process
is a partial condensation, and the heat released from the
condensation is utilized for the vaporization of the first, low-
carbon monoxide stream.

The invention also provides for the use of the hydrogen
chloride obtained as a coproduct in an above-described pro-
cess for use in an oxychlorination, in a Deacon process for
preparation of chlorine or in an electrolysis.

By virtue of performance, in accordance with the inven-
tion, of a front end removal of carbon monoxide before the
use of the phosgene-containing reactant stream in the phos-
genation, the hydrogen chloride-containing secondary stream
also comprises only very low proportions of carbon monox-
ide, such that it can be used advantageously as a reactant
stream in the above processes.

The invention claimed is:

1. A process for preparing an isocyanate via a gas phase
phosgenation of a corresponding amine, the process compris-
ing:

reacting carbon monoxide with chlorine with a stoichio-

metric carbon monoxide excess over chlorine in a gas
phase to obtain a phosgene-comprising reaction mix-
ture;

dividing the phosgene-comprising reaction mixture into a

low-carbon monoxide stream and a carbon monoxide-

rich stream by a thermal separating process, wherein:

the low-carbon monoxide stream is obtained in liquid
form and comprises not more than 1% by weight of
carbon monoxide, based on a total weight of the low-
carbon monoxide stream, and

the carbon monoxide-rich stream comprises more than
10% by weight of carbon monoxide, based on a total
weight of the carbon monoxide-rich stream;

vaporizing the liquid low-carbon monoxide stream with

heat generated by reacting the carbon monoxide and

chlorine; and

introducing the vaporized low-carbon monoxide stream as

a phosgene-comprising reactant stream into the gas
phase phosgenation of the corresponding amine to
obtain the isocyanate and hydrogen chloride as a
coproduct.

2. The process according to claim 1, wherein in said react-
ing, the stoichiometric excess of carbon monoxide to chlorine
in the gas phase is 0.01 to 25% by weight.

3. The process according to claim 1, wherein the thermal
separating process is performed in at least one stage and is a
process selected from the group consisting of a partial con-
densation, a distillation, an adsorption and an absorption.

4. The process according to claim 1, comprising vaporizing
the liquid low-carbon monoxide stream to a pressure level at
least 10 mbar lower than a pressure in the thermal separating
process.

5. The process according to claim 1, wherein the thermal
separating process is partial condensation.

6. The process according to claim 1, wherein the carbon
monoxide-rich stream is recycled into said reacting.

7. The process according to claim 1, wherein the coproduct
hydrogen chloride is employed in an oxychlorination, in a
Deacon process for preparation of chlorine or in an electroly-
sis.



